S5 20110029177A1

a9y United States

12y Patent Application Publication (o) Pub. No.: US 2011/0029177 Al
Yeung et al. 43) Pub. Date: Feb. 3, 2011

(54) MULTI-FUEL AND ELECTRIC-DRIVE Publication Classification
HYBRID POWER TRAIN AND VEHICLE (51) Int.CI

USING THE SAME B6OW 20/00 (2006.01)

(75) Inventors: Yung Yeung, Bradbury, CA (US); B6OK 6/42 (2007.10)
Shishu Fu, Shenyang (CN);
Chuantao Wang, Rochester, MI (52) US.ClL ..., 701722, 180/65.22; 180/65.21
(US); Junwen Hou, Rochester, MI
(US)

(37) ABSTRACT
Correspondence Address:

MORRIS MANNING MARTIN LLP A system and method to control delivery of driving force

3343 PEACHTREE ROAD, NE, 1600 ATLANTA generated from multiple energy sources to a drive train of a
FINANCIAL CENTER vehicle 1n motion. In one embodiment, the method 1ncludes

ATLANTA, GA 30326 (US) checking whether the vehicle 1s 1n one of a first fuel mode, a

second fuel mode, and a third fuel mode, wherein when the

(73) Assignee: HYBRID KINETIC vehicle 1s 1n the first fuel mode, a first type of fuel 1s provided
AUTOMOTIVE HOLDINGS, to an 1nternal combustion engine, when the vehicle is 1n the

Pasadena, CA (US) second fuel mode, a second type of fuel 1s provided to the

internal combustion engine, and when the vehicle 1s 1n the

(21)  Appl. No.: 12/844,443 third fuel mode, no fuel 1s provided to the internal combustion
engine but the drive train 1s powered by electricity, displaying
the status of the current driving mode on a display, recerving
a commanding signal for a change of the driving mode, when

Related U.S. Application Data he change requires a shifting between the first fuel mode and

(60) Provisional application No. 61/229,737, filed on Jul. he second fuel mode, and activating a first and a second
30, 2009. electric motors to be able to drive the drive train.

(22) Filed: Jul. 27, 2010

MMM M
4:4-:4:4 NN
e B )
L)
NN
L)

-
-
-
L )

L
EN N
L

4-:4:4
Ay
e
aa Y
EN N
L

4-:4- 4:4-
¥

4-:4- 4-:4-
)
)
)
)

LM M)
LM
M)
LM M)
LM

A

4-:4-:4:4-

L
4:4-:4:4:4-
AR

NN )
AR

ERC MMM ERC MMM ERC MMM

-
]
L )
-
-

»
Vit
ataty

]

L)

L]

]

L)
-Il-ll-ll-ll-ll-ll-ll-ll-ll-ll'.-ll-ll

]

L)
-Il-ll-ll-ll-ll-ll-ll-ll-ll-ll'.-ll-ll

L]

]

L)
-Il-ll-ll-ll-ll-ll-ll-ll-ll-ll'.-ll-ll

]

L)
-Il-ll-ll-ll-ll-ll-ll-ll-ll-ll'.-ll-ll

L]

]

L)
-Il-ll-ll-ll-ll-ll-ll-ll-ll-ll'.-ll-ll

]

'.-h

L]

]

L)

&
L

]
]
]

4-:4- *4:4
M
)

LM M)
LM
M)
LM M)
LM

A

]
]
]

]

L
L

»
»

)
'y
»
»

)
'y
»
»

»
»

)
'y
»
»

L)
»
)

»

o
»
»
»
»

Ay

»
»

L
L

-
o

LN N N N )
L )

L N N

-
-
]
-
-

i
)

-
-
]
]
-
-
-
-
-
-
L )
L
L ]
]
L )
L
L ]
L )
L
&

ERN )

-
-h'.-ll'.-h

-h-h-h-h'.-h-h'.-h-h-h-h-h-h
IR NN NN NN NN

-
LN

EE N N N N N
L NE N N N
-
¥
L
-
L )

-
]

-
]

-
]

-
]

-
]

-
]

]

-
]

o

-h'.-b'.-b
L

-
]
]
]
]
]
]
o

&

ENE N N N NN N N N N
-

E R NN N N N N NN )

-h'.-h'.-h-h-h-h-h-h-h-h-h-h
-
-
-
-
-
-
-

-h'.-h'.-h-h-h-h-h-h-h-h-h-h

N NN N N N N NN )
N NN N N N N NN )
N NN N N N N NN )
L N NN
'.-h'.-h-h-h-h-h

L N NN
'.-h'.-h-h-h-h-h

LN NN

'.-h'.-h-h-h-h

L N NN
'.-h'.-h-h-h-h-h

L N NN
'.-h'.-h-h-h-h-h

LN NN

L N NN

LN )

i

'.-h'.-h L N )

-h-h'.-h-h-h-h-h-h-h-h-h-h

-Il-ll'.-ll-ll
LN )
L
-Il-ll:-ll'.-ll
LN )

-

LN NN )

M)
AR R

L)
L)
IR NN NN NN NN

-h-h'.-h-h-h-h-h-h-h-h-h-h
L]
L]

LR NN NN NN NN

-h-h'.-h-h-h-h-h-h-h-h-h-h
L]
L]

LR NN NN NN NN
L]
L]
L]

IR NN NN NN NN

LR N N N N N N NN

LN NN N N N N NN
L)

IR NN NN NN NN

»
B
»
»
B
»
»
B
»
»
B
»

-
-
L]

AREER Ry ERCM RN ) ERN)

LR NN NN NN NN
LN NN N N N N NN

]
]
]
]
]
]
]
]

1 1 8 3 s, ,I 1 g
N N N N R N N R N N N N N R N RN RN R NN R M R RN N N )
N N R N N N N N R N N N N N R N N N N NN N
L N N N R N N N N R N R N R M N R M RN N R ) a
N N N N e R N R N N R N R R R R M N R N N R R RN NN M N
N N N N N N N N R N N R N N R R N )

N N N N N N R R R N N NN R R N R NN
L R N N N R N R M N N MY ) L) L R N RN N N R RN NN
R N N N RN N R N NN NN » LY N N R R N RN N R NN N NN
LN R N N R N R N M RN MY M) N N R N N R N
R R N N N N RE R N RN NN N L) LR N N R N R N N NN N )
N RN RN NN NN RN NN N N N NN N RN NN )
O N NN N N N ] & LR N N N N NN )
LR R N N N R N R M M M MY ) » LR MR e N R N RN M M)
R N N N RN N R N NN NN [y & N RN RN N N N N N RN W)
LN R N RN R N N RN ) » N N N R N R N N N N )
R N N R R R R R N R R N T R TR R M N R N N R N R R N MR M
N N N N N N N N R N N R N N R R N )
4-:4-:4-:4-:4-:4-:4-:4-:4-:4-4'4-*4-*4-:4-:4-*4-*4-:4-*4‘#‘4‘4‘#‘4‘4*4-‘4*4‘4-‘4‘ st :J|-J|l > :4-*4:4:4-:4:4:4-:4:
LN N N R ) » » » LN N )
E RN N R L) L N N N )
N RN ) s % N N )
RN R » » E NN )
LN R N NN ) L) ) LR N N RN
R NN RN NN » % » N NN )
LN N N R ) L) & NN N
E RN N R EM] ) » ) E R N M)
N RN RN ) % % % % 3 NN N N NN N N
*':*:*:*':*:*:*':":*:*':*:*:*':*:*:*':*':*:*':*:*:*:*:*:*:*:*:*:*:*:*: :*: : Fataty :*:*:*:*:*:*:
R e N N N N N N R N R M) NN N
R N N N N RN N N N N N R N N R N R R N MR N N E R N M)
:4:4:4-:4:4:4-:4:4:4*4: :4-*4*4:4-*4:4* ML N :4-:4* :4-:4 4:4- » :4- 4:4*4-:4:4:4-:4:4:4-
PR MMM »" e

NN NN
LN ) P
R N N
Xk kK N X kKX
Jr:Jr:Jr:Jr ¥ Jr:lr:lr:lr
SN NN NN

X

Ft el ey

P )
i
P A

rrr
¥
¥

P
i
Pl

X

i
i
X i

i

it
XX
¥

X a
¥ Pl
e T e
Wy Py
G
e e e
X a

Pl

™

i

X
X
X

i

x

X g A
Pl

PN
kol
Wy

RN N N N

a4 o
rrrrrw

o

119b

R R R N R R D R R R R N R BN R M I e )
4-4-44-44:4-:4:44-444-44:4-:4:44-444-44:4-:4:44-44
e e e i M ML B B e e

L) L) L)
L) L) L)
4:4-:4*4 L) 4:4-:4*4 L) 4:4-:4:4 N
AER KRR K KR K KR K KR K KR K KR KNS
L L)
) L)
L L)

L )
-
L ]

]
]

LR NN NN NN NN

L NN

L]
]
L)

-
L ]

LR NN NN NN NN

L NN

L
L ]
L )
-
L ]

LR NN NN NN NN
L]
]

-
o

o
L ]
o
L ]

&
i
]
]

]
]

LN N N N NN )

L

L]
LN N N N N N

L

]
]
]

LN N N N N N

L

L ]
o
o
o
o
L ]
L )
o

]
o

]

L ] -b'-b

»
»

L]
-h'.-h'.-h
L]
-
-h'.-h'.-h
L]
-
-
L N )
L]
-
L N )
L
¥
L
L
L]
L
L]
L]
¥
L
¥
-
L
L
L]

LR NN N N N N NN
L]
LN N N N NN )

L NN )

L N )
L N )
-h-h-h-h-h-h-h'.-h'.-h-h-h

L NN

]
L]
L]
L N )
-h-h'.-h'.-h-h-h
L]
L]
]
L)
L]
]
L)
L]
]
LN NN N N N )
L]
]
L)
L]

]
]
]
4

L
L
L

»
»
»

L
L
L

-
-
L )
LN N N N
L ]

o
L ]

R N N N R N N RN N RN N RN N N NN NN )

]

L]
LN N N N NN )

-

]

i

L L N NN
o

ENE N N N NN N
L L NE O LN
L E L N N NN N
L L NE O LN
ENE N N N NN N

L)
o

L N N NN
LN C N N NN

-
]
o

]
L]

»
»
»
B
»
»
B
»
»
y
»
»

]

-
EE N N N N N

EE N N N N N
ENE L N N NN N )
EE N N N N N
LOE L N NE LN N AL N
EE N N N N N
LOE L N NE LN N AL N
L L NE O LN

L L N

»
»
»
»
»

»
L) »
[ »
L) )
L) »

-
-h-h'.-h'.-h
L
L
L

»
»
B
»
»

LN N N N NN )

-

»
»
»

P
P

»
»
»

-h'.-h-h-h-h-h-h-h-h

L

]

-h'.-h L

EEN
»

-h'.-h L
-h'.-h L

EEN
»

]

-h'.-h L

EEN

-h'.-h-h-h-h-h-h-h-h-h-h
-h'.-h-h-h

-h'.-h-h-h-h-h-h-h-h-h-h

-h'.-h-h-h-h-h-h-h-h-h-h

-h'.-h-h-h-h-h-h-h-h-h-h
ﬁ*#*##ﬁ*#*##b*#*##-hﬁ-h’h#
-h'.-h-h-h-h-h-h-h-h-h-h
LN N N N N NN
-h'.-h-h-h-h-h-h-h-h-h-h
L NN N N N N N NN )
L N N N NN N NN
L NN N N N N N NN
L N N N NN N NN
L NN N N N N N NN

-h'.-h-h-h-h-h-h-h-h-h-h

M)
EM)
ERM)
M)

L NN
L N N )
L NN

»
»
»
»

L
-h'.-h'.-h-h-h-h-h-h-h-h-h-h

-h'.-h'.-h-h-h-h-h-h-h-h-h-h

-h'.-h'.-h-h-h-h-h-h-h-h-h-h

-h'.-h'.-h-h-h-h-h-h-h-h-h-h

-h'.-h'.-h-h-h-h-h-h-h-h-h-h

i

-

N N NE N N N NN
L)

N N NE N N N NN
N NN N N N N NN )
N N NE N N N NN
N NN N N N N NN )
N N NE N N N NN

L )
&
L)
&
L
&
L
&

CONTROLLER



Patent Application Publication Feb. 3, 2011 Sheet 1 of 2 US 2011/0029177 Al

F
F

119a
119b

E R NN R NN N NN
NN RN NN NN
LR NEE SE N BN MR NN NN

-
-
-
-
-
¥ &

]
]
]
]
]
4

¥
-i'.-h'.-h
b
¥
-i'.-h'.-h
L
¥
-i'.-h'.-h
b
¥
-i'.-h'.-h
L
o
¥

]
]
]
]
]
4

L
L
L
L
L
L

»
»
»
»
»
»

L
L
X %
L
X %
L

¥
»
F)
»
F)
»

L
L
L
L
L
L

»
»
»
»
»
»

L
L
X %
L
X %
L

¥
»
F)
»
F)
»

L
L
L
L
L
L

o
o
o
o
o
L ]

o
o
o
o
o
L ]

]
]
]
]
]
4

-
-
-
-
-
¥ &

]
]
]
]
]
4

i
L
iy
L
iy

i

r
ot
o)
)
ol
o)
¥
ot
o)
)
ol
o)
¥
)
)
¥

]
]
]
]
]
4

L
L
L
L
L
L

»
»
»
»
»
»

L
X %
L
X &
L
X &

»
F)
»
¥
»
X

L
L
L
L
L
L

»
»
»
»
»
»

L
X %
L
X &
L
X &

»
F)
»
¥
»
X

L
L
L
L
L
L

-
-
-
-
-
¥ &

¥ i
¥ i
¥ i
¥ i
¥ i
+

o
o
o
o
o
i

L
L
L
L
L

i

)
ot
o)
RN
ot
o)
N
ot
o)
RN
ot
o)
N
o)
N
-

]
]
]
]
]
4

L
L
L
L
L
L

»
»
»
»
»
»

X &
L
X %
L
Lt
L

¥
»
F)
»
F)
»

L
L
L
L
L
L

»
»
»
»
»
»

X &
L
X %
L
Lt
L
&

¥
»
F)
»
F)
»
¥

L
L
L
L
L
L
L

-
-
-
-
-

L ]

ENE N NN N N N NN NN N N NN N N NN N NN NN N
L ]

]
]
]
]
]
4

L]

>
L R A R R A e A et e
)

)

)

)

)

»

L]
]

L]
L NE NE N N N N N RN N N N N NN NN N N NN N NN

o)

L]
LR N NN E NN NN

-

L]
L NE NE N N N N N RN N N N N NN NN N N NN N NN

o)

]
4

i
i
L ]
i
L ]

L E N NE N N N N N N N NN N N N NN R NN N NN N N N NN NN
]

»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»

ERE N NN N N N N N N N N N N N N NN NE N N N NN N NN N

L
= &
RR8%
L
= &
L
= &
L
= &
L
= &
]

LR N NN E NN NN

'.-h'.-h-h-h-h-h-h-h-h-h#######################

O )
B A A A A A A A A A A A A A A

L NN
L NE N NN N N N N N RN NE N N N N NN NN NN N N NN NN NN

L]

-h'.-h-h-h

-h'.-h-h-h

L NN

-h'.-h-h
'.-h'.-h'.-h-h-h-h-h-h-h-h-h-h#####################
L]

LN

L]

-

)
o)
)
¥
)

5
5

X
L
X &
L
5
&
EY
L

-
L N
- -h*-h'.-b*-h i '.-h'.

P )
N )
>

CONTROLLER

L

-h'.-h'.-h'.-h*#*###*#*hﬁb'.#*#ﬁ#*#*hﬁ-h LN

LN NN NN NN
L

I NN N NEENEENEENENNENXENRDN)

'.-h'.-h-h-h-h-h-h-h-h-h-h-h-h-h-h-h-h-h-h-h-h

]

1

X &
4:4:4:4-*
L 3N )
NN
L)
L N
E NN )
L
L3 )
NN
LS
L N
E NN )
L
L 3N )
NN
L)
L N
E NN ) E R )
*:*:*:*:*:*:*:*:*:*:*:*:*:*:*:
X B K EEEENE LN ERE
L R R N R N R
N N N NN N NN RN N
F L RN RN N N
LR RE B N N RN N RE N N N N
N RN RN N NN N N
N N NN N N RN N
L R N R N R N RN NN
N N N N N NN N
E N N N R N N
LR R NN RN NN R NN N
N N N N N NN NN
X RN E S ENE LN YN E R K
L e N N N N R R
N N N R NN N NN M RN N
LN N NN N NN )
e

1
1

»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»

Ea)

EN )

»

»

»

»

»

»

»

»

»

»

»

»

»

-

-
-
-

L
4:4-
s
¥
¥
L

L
)
)
L
L
L)

»
»
»
»
»
»

LR N N )
3 4:4-:4:4 3
I )
AEA RN N

»

-

N N NN S N N NN N )

&
a
&

-
L]
]
-
]

)
b
ol
o
o)
e
o g
PN
)
e
ol
o
o)
o
o
PN
)
O
P
EN)
)
e
o g

e
N N )
S
»

-
L]
]
-
]

*b*b
rorLr N N
Jr*#*:*:*#*lr :*:*Jr :":": q-*:*:*:*:*:*:*:*:*:ﬂ*:‘
X e e Pl el Pl e s s e el e e
N NN X X ¥ rkr N )
N N Xy Cal o e e el g gt
o e e e L L Kk N
gy Xy ) N N N
N o XXX KK )
A S s e el P el e
) X rkr X
N i al b aal Ea ) Cal N e
) PN Kk )
e g Ea ) ) N N
A A Xy KK )
P ) Pl el o e e e e T T T T
ot e T Ty ot h rorLr T e e e e e e e e e Y N ERMN ) L) M)
R R E R E RN LN E N T N NN Fat N Tt e N
F) E) F) E) F) ¥ o N R N N N NN N )
R R N N R R ) " ERM) ERONE NN
E) E) E) E) E) r NN NN N NN M NN )
N N NN S N N NN N ) W AT . RN ) LR N NN )
F) » F) » F) e am R R RN R SN )
RN N NN N N NN N ) ERNON ) RN NN M)
E) E) E) E) E) N R N R N NN N )
N N N RN ) ER ) ERE N NN )
E) E) E) E) E) N NN NN N NN )
N N N N N N NN N ) ERMM ) RN NN M)
» » » » » R R R N )
X R XN E R E NN KN RN ) RN NN )
F) E) F) E) F) N R N N N NN N )
R R N N R R ) ERM) ERONE NN
E) E) E) E) E) v RN NN M) ERN )
N N NN S N N NN N ) " LM ) LR N NN )
F) » F) » F) rr RN N N N N )
RN N NN N N NN N ) * ERNON ) RN NN M)
E) E) E) E) E) rr N R N R N NN N )
N N N RN ) " ER ) ERE N NN )
E) E) E) E) E) rr N NN NN N NN )
N N N N N N NN N ) " ERMM ) RN NN M)
» » » » » rr R R R N )
X R XN E R E NN KN * RN ) RN NN )
F) E) F) E) F) rr N R N N N NN N )
R R N N R R ) " ERM) ERONE NN
E) E) E) E) E) rr NN NN N NN M NN )
R R SR N N ) [ ERE M R N ) F
F) » F) » F) rr R R RN R SN )
RN N NN N N NN N ) * ERNON ) RN NN M)
E) E) E) E) E) rr N R N R N NN N )
N N N RN ) " L) M N )
F E) E) E) E) rr N NN NN N NN )
N N N N N N NN N ) " ERMM ) RN NN M)
:4- e - 4:4-: :4-: : :4:4-:4:4-:4-:4-: : P
R R N N R R ) ERM) EROEN )
IF X X
»
X
EY
¥

Fo)
o)

B
»
»
B
»
»

¥
»
F)
»
F)
»

L
L3
L
L
L
L)

»
»
»
»
»
»

X &
L
X %
L
X %
L

¥
»
F)
»
F)
»

L
L
L
L
L
L

»
»
»
»
»
»

X &
L
X %
L
X %
L

L
>
L

&
L)
L
&
L

RN NN NN )

]
]
]

-
L)
o
-
o
o
o
L ]
L )
o
-h'.-h
o
L )

F)
»

4:4-:4*4 e
AR AR
L

P
L)
)

L
L
L]
L
L]
L)
L)
*-h'.-h
-
-h'.-h#-h
L]
-
-h'.-h'.-h
L]
L]
L]
L]
L]
L]

-h-h-h-h-h-h'.-h-h-h-h-h########################
L]

ERN)

>
CN )
¥
¥

»
»
»
»

o
o
»
o
L
»
L
L

-

)
4:4-
N
¥
L3
»

L
L
L)
L
)

»
»
»
»
»

e
L
L
L
3

L

-
L]

L]
L NE NN N N N N R e N N N N NN N N N N N NN NN

L )

L
LN N NN LN N N NN NN

-

p
L
p
L
L
L
)
o
o

&

-
-
]
-
-
-
-
-
L
]
]
]

4:4-:4:4
AoE oy

-

L]
L NE N NE N NN

LN NN )
L]

-

O A R R R A A A S O R R O O )
o) [
O I R I R R N R O O )

IR NN LN N NN NN

¥ -
:-h:-h*-h*-r-h-r-h-u-u-aaaaaaaaaaaaaaaaaaaaaaaa
e
:::a-*-h*ﬁa-ra-a-u-#b#bbabb;bb##ba#b##ba#b#
P )
'.:'.-h'.-h'.-h-h-h-I-h-h-h-h-h-h-h-h-h-h-h-h-h-h-h-h-h-h-h-h-h-h-h-h-h-h
PO
'.:*-h'.-h*-h-h-h-I-h-h-h-h-h-h-h-h-h-h-h-h-h-h-h-h-h-h-h-h-h-h-h-h-h-h
»

o)

118a
118b

1



Patent Application Publication Feb. 3, 2011 Sheet 2 of 2

200

209

First Mode:
First Fuel

Only

201 Checking the Status of
the Fuel Mode

203 i Displaying the Status

205 Receiving a Signal for
Changing Fuel Mode

207

Activating
Electric Motors When

First — Second
Third

213

Third Mode:

Electricity Only;
Engine Ildle

FIG. 2

US 2011/0029177 Al

211

Second Mode:
Second Fuel
Only



US 2011/0029177 Al

MULII-FUEL AND ELECTRIC-DRIVE
HYBRID POWER TRAIN AND VEHICLE
USING THE SAME

CROSS-REFERENCE TO RELATED PATEN'T
APPLICATION

[0001] This application claims the benefit, pursuant to 35
U.S.C. §119(e), of U.S. provisional patent application Ser.
No. 61/229,737, filed Jul. 30, 2009, entitled “MULTI-FUEL
AND ELECTRIC-DRIVE HYBRID POWER TRAIN AND
VEHICLE USING THE SAME,” by Yung Yeung et al., which
1s incorporated herein by reference in 1ts entirety.

[0002] Somereferences, if any, which may include patents,
patent applications and various publications, are cited in a
reference list and discussed in the description of this mven-
tion. The citation and/or discussion of such references 1s
provided merely to clanify the description of the present
invention and 1s not an admission that any such reference 1s
“prior art” to the invention described herein. All references, if
any, listed, cited and/or discussed 1n this specification are
incorporated herein by reference 1n their entireties and to the
same extent as 1f each reference was individually incorpo-
rated by reference.

FIELD OF THE INVENTION

[0003] The present invention relates generally to a hybrid
vehicle, and more particularly to a method and system to
control delivery of driving force generated from multiple
energy sources to a drive train of a vehicle 1n motion.

BACKGROUND

[0004] Hybndvehicle now becomes a trend 1n the society at
large 1n general and 1n the automobile industry 1n particular,
which normally uses a combination of gasoline and electric-
ity as energy source to provide driving force. Some uses the
combination of gasoline and other types of liquid fuels; how-
ever, when and how to choose which fuel to use 1n operation
remains a challenge. Furthermore, possible sudden changes
in speed and loss of power during the shifting from one liquid
tuel to another 1s a serious concern for both safety and driving
pleasure.

[0005] Therefore, a heretofore unaddressed need exists 1n
the art to address the alorementioned deficiencies and 1nad-
equacies.

SUMMARY OF THE INVENTION

[0006] In one aspect, the present mvention provides a
vehicle power train. In one embodiment, the vehicle power
train 1ncludes a drive train configured to drive two front
wheels and two rear wheels of a vehicle, a first electric motor
engaged with said drive train for compensation for torque
interruption, a second electric motor engaged with said drive
train through a rear differential for driving the two rear
wheels, an electric energy source electrically coupled to said
first and second electric motors, an internal combustion
engine adapted to provide driving force, a first fuel tank
storing a {irst type of fuel and 1n fluid communication with the
internal combustion engine to provide the first type of fuel to
the internal combustion engine during operation, a second
tuel tank storing a second type of fuel and 1n fluid communi-
cation with the internal combustion engine to provide the
second type of fuel to the imternal combustion engine during
operation, and a control system configured to permit, 1n
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operation, when the first type of fuel 1s provided to the internal
combustion engine through a first type of injector 1n a {first
tuel mode, no second type of fuel 1s provided to the internal
combustion engine, and when the second type of fuel 1s pro-
vided to the internal combustion engine through a second type
of 1njector 1n a second fuel mode, no first type of fuel 1s
provided to the internal combustion engine, wherein the con-
trol system 1s further configured to put the first and second
clectric motors 1n action when the imnternal combustion engine
1s shifting between the first fuel mode and the second fuel
mode.

[0007] In one embodiment, the first type of fuel and the
second type of fuel are different. In one embodiment, the first
type of fuel 1s compressed natural gas, and the second type of
tuel 1s gasoline.

[0008] In one embodiment, the control system 1s further
configured to have a third fuel mode, where neither of the first
type of tuel and the second type of tuel 1s provided to the
internal combustion engine, and the drive train 1s driven by
the first and second electric motors only.

[0009] In another aspect, the present mnvention provides a
vehicle having the vehicle power train as disclosed above.

[0010] Inyetanother aspect, the present invention relates to
a vehicle. In one embodiment, the vehicle includes a vehicle
power train having a drive train configured to drive two front
wheels and two rear wheels of a vehicle, a first electric motor
engaged with said drive train for compensation for torque
interruption, a second electric motor engaged with said drive
train through a rear differential for driving the two rear
wheels, an electric energy source electrically coupled to said
first and second electric motors, an internal combustion
engine adapted to provide driving force, a first fuel tank
storing a first type of fuel and 1n fluid communication with the
internal combustion engine to provide the first type of fuel to
the internal combustion engine during operation, a second
fuel tank storing a second type of fuel and 1n fluid communi-
cation with the internal combustion engine to provide the
second type of fuel to the mnternal combustion engine during
operation, and a control system configured to permit, 1n
operation, when the first type of fuel 1s provided to the internal
combustion engine through a first type of injector 1n a {first
fuel mode, no second type of fuel 1s provided to the internal
combustion engine, and when the second type of fuel 1s pro-
vided to the internal combustion engine through a second type
of mjector 1 a second fuel mode, no first type of fuel 1s
provided to the internal combustion engine, wherein the con-
trol system 1s further configured to put the first and second
clectric motors 1n action when the internal combustion engine
1s shifting between the first fuel mode and the second fuel
mode.

[0011] In one embodiment, the control system 1s further
configured to have a third fuel mode, where neither of the first
type of fuel and the second type of fuel 1s provided to the
internal combustion engine, and the drive train 1s driven by
the first and second electric motors only.

[0012] Ina further aspect, the present invention relates to a
method to control delivery of driving force generated from
multiple energy sources to a drive train of a vehicle 1n motion.
In one embodiment, the method includes checking whether
the vehicle 1s 1n one of a first fuel mode, a second fuel mode,
and a third fuel mode, wherein when the vehicle 1s 1n the first
fuel mode, a first type of fuel 1s provided to an internal
combustion engine, when the vehicle 1s 1 the second fuel
mode, a second type of fuel 1s provided to the internal com-
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bustion engine, and when the vehicle 1s 1n the third fuel mode,
no fuel 1s provided to the internal combustion engine but the
drive train 1s powered by electricity, displaying the status of
the current driving mode on a display, recerving a command-
ing signal for a change of the driving mode, when the change
requires a shifting between the first fuel mode and the second
tuel mode, activating a first and a second electric motors to be
able to drive the drive train, providing a first type of fuel to the
internal combustion engine through a first type of injector
when the vehicle 1s 1n the first fuel mode, during which mode
no second type of fuel 1s provided to the internal combustion
engine; providing a second type of fuel to the internal com-
bustion engine through a second type of injector when the
vehicle 1s 1n the second fuel mode, during which mode no first
type of Tuel 1s provided to the internal combustion engine, and
idling the internal combustion engine when the vehicle 1s 1n

the third tuel mode.

[0013] Invyeta further aspect, the present invention relates
to a vehicle that has a drive train driven by force generated
from multiple energy sources. The vehicle includes a control-
ler programmed to administer the steps of checking whether
the vehicle 1s 1n one of a first fuel mode, a second fuel mode,
and a third fuel mode, wherein when the vehicle 1s 1n the first
tuel mode, a first type of fuel 1s provided to an internal
combustion engine, when the vehicle 1s 1n the second tuel
mode, a second type of fuel 1s provided to the internal com-
bustion engine, and when the vehicle 1s 1n the third fuel mode,
no fuel 1s provided to the internal combustion engine but the
drive train 1s powered by electricity, displaying the status of
the current driving mode on a display, recerving a command-
ing signal for a change of the driving mode, when the change
requires a shifting between the first fuel mode and the second
tuel mode, activating a first and a second electric motors to be
able to drive the drive train, providing a first type of fuel to the
internal combustion engine through a first type of injector
when the vehicle 1s 1n the first fuel mode, during which mode
no second type of tuel 1s provided to the internal combustion
engine, providing a second type of tuel to the internal com-
bustion engine through a second type of injector when the
vehicle 1s 1n the second fuel mode, during which mode no first
type of Tuel 1s provided to the internal combustion engine, and
idling the internal combustion engine when the vehicle 1s 1n

the third fuel mode.

[0014] These and other aspects of the present invention will
become apparent from the following description of the pre-
terred embodiment taken 1n conjunction with the following
drawings and their captions, although variations and modifi-
cations therein may be affected without departing from the
spirit and scope of the novel concepts of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The drawings described below are for illustration
purposes only. The drawings are not intended to limit the
scope ol the present teachings 1n any way. The patent or
application file may contain at least one drawing executed 1n
color. If so, copies of this patent or patent application publi-
cation with color drawing(s) will be provided by the Office
upon request and payment of the necessary fee.

[0016] FIG. 1 shows an exemplary, three-in-one hybrnid
power system architecture 100, which utilizes driving power
with energy provided by compressed natural gas (“CNG”)—
energy source number 1, gasoline—energy source number 2,
and electricity from battery—energy source number 3, for
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various passenger cars, SUVs, and trucks 1s provided accord-
ing to one embodiment of the present invention.

[0017] FIG. 2 shows a process flow chart for controlling
delivery of driving force generated from multiple energy
sources to a drive train of a vehicle 1n motion according to one
embodiment of the present invention.

DETAILED DESCRIPTION

[0018] The present invention 1s more particularly described
in the following examples that are intended as 1llustrative only
since numerous modifications and variations therein will be
apparent to those skilled in the art. Various embodiments of
the mvention are now described 1n detail. Referring to the
drawings, FIGS. 1-2, like numbers, if any, indicate like com-
ponents throughout the views. As used 1n the description
herein and throughout the claims that follow, the meaning of
“a”, “an”, and “the” includes plural reference unless the con-
text clearly dictates otherwise. Also, as used in the description
herein and throughout the claims that follow, the meaning of
“mn” includes “1n” and “on” unless the context clearly dictates
otherwise. Moreover, titles or subtitles may be used 1n the
specification for the convenience of a reader, which shall have
no 1ntluence on the scope of the present invention. Addition-
ally, some terms used 1n this specification are more specifi-
cally defined below.

DEFINITIONS

[0019] The terms used 1n this specification generally have
their ordinary meanings in the art, within the context of the
invention, and in the specific context where each term 1s used.
Certain terms that are used to describe the invention are
discussed below, or elsewhere 1n the specification, to provide
additional guidance to the practitioner regarding the descrip-
tion of the invention. For convenience, certain terms may be
highlighted, for example using italics and/or quotation marks.
The use of highlighting has no influence on the scope and
meaning of a term; the scope and meamng of a term 1s the
same, 1n the same context, whether or not 1t 1s highlighted. It
will be appreciated that same thing can be said 1n more than
one way. Consequently, alternative language and synonyms
may be used for any one or more of the terms discussed
herein, nor 1s any special significance to be placed upon
whether or not a term 1s elaborated or discussed herein. Syn-
onyms for certain terms are provided. A recital of one or more
synonyms does not exclude the use of other synonyms. The
use of examples anywhere in this specification including
examples of any terms discussed herein 1s 1llustrative only,
and 1n no way limits the scope and meaning of the invention
or of any exemplified term. Likewise, the invention 1s not
limited to various embodiments given 1n this specification.
[0020] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention pertains. In the case of contlict, the present docu-
ment, including definitions will control.

[0021] As used heremn, “around”, “about” or “approxi-
mately” shall generally mean within 20 percent, preferably
within 10 percent, and more preferably within S percent of a
given value or range. Numerical quantities given herein are
approximate, meaning that the term “around”, “about” or
“approximately” can be inferred i1 not expressly stated.

[0022] As used herein, the term “compression ratio (CR)”
refers to the compression ratio of an internal-combustion
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engine or external combustion engine, which 1s a value that
represents the ratio of the volume of its combustion chamber;
from its largest capacity to 1ts smallest capacity. It 1s a Tun-
damental specification for many common combustion
engines. In a piston engine it 1s the ratio between the volume
of the cylinder and combustion chamber when the piston 1s at
the bottom of its stroke, and the volume of the combustion
chamber when the piston 1s at the top of 1ts stroke.

[0023] As used herein, the term “VCR” refers to variable
compression ratio technology as known to people skilled 1n
the art.

[0024] As used herein, “plurality” means two or more.
[0025] As used herein, the terms “comprising,” “includ-
ing,” “carrying,” “having,” “containing,” “imnvolving,” and the

like are to be understood to be open-ended, 1.e., to mean
including but not limited to.

OVERVIEW OF THE INVENTION

[0026] The present invention provides, among other things,
a vehicle power train. In one embodiment, the vehicle power
train 1ncludes a drive train configured to drive two front
wheels and two rear wheels of a vehicle, a first electric motor
engaged with said drive train for compensation for torque
interruption, a second electric motor engaged with said drive
train through a rear differential for driving the two rear
wheels, an electric energy source electrically coupled to said
first and second electric motors, an internal combustion
engine adapted to provide driving force, a first fuel tank
storing a first type of fuel and 1n fluid communication with the
internal combustion engine to provide the first type of fuel to
the internal combustion engine during operation, a second
tuel tank storing a second type of fuel and 1n fluid communi-
cation with the internal combustion engine to provide the
second type of fuel to the mternal combustion engine during
operation, and a control system configured to permit, 1n
operation, when the first type of fuel 1s provided to the internal
combustion engine through a first type of 1njector 1n a {first
tuel mode, no second type of fuel 1s provided to the internal
combustion engine, and when the second type of fuel 1s pro-
vided to the internal combustion engine through a second type
of 1njector 1 a second fuel mode, no first type of fuel 1s
provided to the internal combustion engine, wherein the con-
trol system 1s further configured to put the first and second
clectric motors 1n action when the internal combustion engine
1s shifting between the first fuel mode and the second tuel
mode.

[0027] In one embodiment, the first type of fuel and the
second type of fuel are different. In one embodiment, the first
type of fuel 1s compressed natural gas, and the second type of
tuel 1s gasoline.

[0028] In one embodiment, the control system 1s further
configured to have a third fuel mode, where neither of the first
type of fuel and the second type of fuel 1s provided to the
internal combustion engine, and the drive train 1s driven by
the first and second electric motors only.

[0029] In another aspect, the present mnvention provides a
vehicle having the vehicle power train as disclosed above.
[0030] Inyetanother aspect, the present invention relates to
a vehicle. In one embodiment, the vehicle includes a vehicle
power train having a drive train configured to drive two front
wheels and two rear wheels of a vehicle, a first electric motor
engaged with said drive train for compensation for torque
interruption, a second electric motor engaged with said drive
train through a rear differential for driving the two rear
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wheels, an electric energy source electrically coupled to said
first and second electric motors, an internal combustion
engine adapted to provide driving force, a first fuel tank
storing a first type of fuel and in fluid communication with the
internal combustion engine to provide the first type of fuel to
the internal combustion engine during operation, a second
fuel tank storing a second type of fuel and 1n fluid communi-
cation with the internal combustion engine to provide the
second type of fuel to the internal combustion engine during
operation, and a control system configured to permit, 1n
operation, when the first type of fuel 1s provided to the internal
combustion engine through a first type of injector 1n a {first
tuel mode, no second type of fuel 1s provided to the internal
combustion engine, and when the second type of fuel 1s pro-
vided to the internal combustion engine through a second type
of mjector 1 a second fuel mode, no first type of fuel 1s
provided to the internal combustion engine, wherein the con-
trol system 1s further configured to put the first and second
clectric motors 1n action when the internal combustion engine
1s shifting between the first fuel mode and the second fuel
mode.

[0031] The vehicle also includes two front wheels and two
rear wheels coupled to the drive train, respectively, and a
vehicle frame positioned above the drive drain.

[0032] The first type of fuel and the second type of fuel are
different. In one embodiment, the first type of fuel 1s com-
pressed natural gas, and the second type of fuel 1s gasoline.

[0033] In one embodiment, the control system 1s further
configured to have a third fuel mode, where neither of the first
type of fuel and the second type of fuel 1s provided to the
internal combustion engine, and the drive train 1s driven by
the first and second electric motors only.

[0034] In a further aspect, the present invention relates to a
method to control delivery of driving force generated from
multiple energy sources to a drive train of a vehicle 1n motion.
In one embodiment, the method includes checking whether
the vehicle 1s 1n one of a first fuel mode, a second fuel mode,
and a third fuel mode, wherein when the vehicle 1s in the first
fuel mode, a first type of fuel 1s provided to an internal
combustion engine, when the vehicle 1s 1n the second fuel
mode, a second type of fuel 1s provided to the internal com-
bustion engine, and when the vehicle 1s 1n the third fuel mode,
no fuel 1s provided to the internal combustion engine but the
drive train 1s powered by electricity, displaying the status of
the current driving mode on a display, receiving a command-
ing signal for a change of the driving mode, when the change
requires a shifting between the first fuel mode and the second
fuel mode, activating a first and a second electric motors to be
able to drive the drive train, providing a first type of fuel to the
internal combustion engine through a first type of mjector
when the vehicle 1s 1n the first fuel mode, during which mode
no second type of fuel 1s provided to the internal combustion
engine; providing a second type of fuel to the mternal com-
bustion engine through a second type of injector when the
vehicle 1s 1n the second fuel mode, during which mode no first
type of fuel 1s provided to the internal combustion engine, and

1dling the internal combustion engine when the vehicle 1s 1n
the third fuel mode.

[0035] The first type of fuel and the second type of fuel are
different.
[0036] Inone embodiment, the first type of fuel 1s stored 1n

a first fuel tank that 1s 1n fluid communication with the internal
combustion engine to provide the first type of fuel to the
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internal combustion engine during operation. The first type of
tuel 1s compressed natural gas.

[0037] Inoneembodiment, the second type of fuel 1s stored
in a second fuel tank that 1s 1n fluid communication with the
internal combustion engine to provide the second type of tuel
to the internal combustion engine during operation. The sec-
ond type of fuel 1s gasoline.

[0038] In one embodiment, the electricity 1s provided by a
battery.
[0039] Invyeta further aspect, the present invention relates

to a vehicle that has a drive train driven by force generated
from multiple energy sources. The vehicle includes a control-
ler programmed to administer the steps of checking whether
the vehicle 1s 1n one of a first fuel mode, a second fuel mode,
and a third fuel mode, wherein when the vehicle 1s 1n the first
fuel mode, a first type of fuel 1s provided to an internal
combustion engine, when the vehicle 1s 1 the second fuel
mode, a second type of fuel 1s provided to the internal com-
bustion engine, and when the vehicle 1s 1n the third fuel mode,
no fuel 1s provided to the internal combustion engine but the
drive train 1s powered by electricity, displaying the status of
the current driving mode on a display, recerving a command-
ing signal for a change of the driving mode, when the change
requires a shifting between the first fuel mode and the second
tuel mode, activating a first and a second electric motors to be
able to drive the drive train, providing a first type of fuel to the
internal combustion engine through a first type of injector
when the vehicle 1s 1n the first fuel mode, during which mode
no second type of fuel 1s provided to the internal combustion
engine, providing a second type of tuel to the internal com-
bustion engine through a second type of injector when the
vehicle 1s 1n the second fuel mode, during which modeno first
type of fuel 1s provided to the internal combustion engine, and
1dling the internal combustion engine when the vehicle 1s 1n

the third tuel mode.

[0040] The first type of tuel and the second type of fuel are
different.
[0041] Inone embodiment, the first type of fuel 1s stored 1n

a first fuel tank that 1s 1n fluid communication with the internal
combustion engine to provide the first type of fuel to the
internal combustion engine during operation. The first type of
fuel 1s compressed natural gas.

[0042] Inone embodiment, the second type of fuel 1s stored
in a second fuel tank that 1s 1n fluid communication with the
internal combustion engine to provide the second type of tuel
to the internal combustion engine during operation. The sec-
ond type of fuel 1s gasoline.

[0043] Additional details are set forth below.
EXAMPLES
[0044] Without intent to limait the scope of the ivention,

exemplary methods and their related results according to the
embodiments of the present invention are given below. Note
again that titles or subtitles may be used 1n the examples for
convenience of a reader, which 1n no way should limit the
scope of the invention. Moreover, certain theories are pro-
posed and disclosed herein; however, 1n no way they, whether
they are right or wrong, should limit the scope of the mnven-
tion.

Example 1

[0045] A Three-in-One Power System Architecture. In one
embodiment of the present invention, as shown 1n FIG. 1, an
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exemplary, three-in-one hybrid power system architecture
100, which utilizes driving power with energy provided by
compressed natural gas (“CNG”)—energy source number 1,
gasoline—energy source number 2, and electricity from bat-
tery—energy source number 3, for various passenger cars,
SUVs, and trucks 1s provided.

[0046] In one embodiment, system 100 1s an all-wheel
drive hybrid system that is a four-wheel drive combined
hybrid power train that incorporates a wide range of unique
hybrid functionality while using an eflicient layout.

[0047] The new three-in-one hybrid power system 100
takes full advantage from a uniquely designed 7H-AMT
transmission 106, which 1s described 1n more details infra. In
one embodiment, all hybrid functions such as engine starting,
engine boosting, electric driving in several gears, recupera-
tion for battery charging, compensation of torque interruption
during gear shift as well as electric operation of the A/C
compressor are all realized by just one electric motor 105.
Such integrated technology has significant advantages con-
cerning weight, cost and complexity compared to other
hybrid system being under development or being 1n the mar-
ket. Depending on the output power of the electric motor 1035
and the size and density of battery 104, different levels of
hybridization are realized without any other hardware
changes. The utilization of a standard dry clutch 107 and
proper transmission architecture ensures best powertrain eifi-
ciency when operating a vehicle with combustion engine 101.
There are several driving modes available based on the sys-
tem layout. An integrated control system 120 that has a con-
troller and 1s connected to the clutch and brake actuators as
well as other parts to regulate these driving modes.

Example 2

[0048] IC Engine with Two Types of Imjectors. In one
embodiment of the present invention, internal combustion
(“IC”) engine 101, which uses both CNG and gasoline as
tuels and hence can be called as a Bi-Fuel Engine, 1s adapted
for achieving higher power, higher efficiency and less CO2
emission by applying various technologies, such as VCR,
DVVT, VVL, and twin-turbo charging. The primary fuel 1s
CNG and backup 1s Gasoline, therefore, there are two ditfer-
ent kinds of injectors installed on the engine. Thus, for a
four-cylinders engine such as engine 101, there are eight
injectors 1n total: four of them are Solenoid injectors for
injecting CNG, and the other four of them are Piezo injectors
for 1njecting gasoline, into engine 101. Direct injection 1s
used for both CNG (side mjection mode) and gasoline (cen-
tral injection mode). One can switch or choose which type of
tuels depending on driving mode by utilization of an mnven-
tive Tuel delivery control system in connection with the inte-
grated control system 120 as set forth 1n more details below.
The IC engine 1s connected to a 7-speed AMT and can be
decoupled from the rest of the powertrain with the help of a
friction clutch while electrical drive 1s taking place by elec-
trical motor EM1.

Example 3

[0049] CNG Tank. In one embodiment of the present inven-
tion, a CNG tank 1s made of aluminum and reinforced with
carbon fiber to save weight. The volume of the CNG tank 1s
calculated for maximizing CNG storage based on optimized
space and body position on the vehicles which will be held
high pressure (around 200 bar). Valve unit for optimum safety
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and package will be equipped in the tank. A regulator gradu-
ally reduces the pressure in the gas that 1s led to the tank. The
gas 1s then led to a fuel distributor. The tuel 1s distributed to
the four “solenoid” injectors.

Example 4

[0050] Gasoline Tank. In one embodiment of the present
invention, The gasoline tank, which 1s designed for 5 gallons
in capacity for emergency use, 1s connected to the fuel 1njec-
tion system and, eventually, the IC engine, by a series of fuel
lines and hoses. The intended tank material 1s High-density

polyethylene (HDPE) or aluminum to reduce weight and
meet safety requirements.

Example 5

[0051] Battery. In one embodiment of the present mven-
tion, a high energy-density battery 104 1s utilized, which 1s an
L1-Ion based battery with energy content raging from 6 KWh
to 16 KWh depending on vehicle applications. A plug-in
charging system (not shown) can be installed for customer or
driver to charge the battery 104 at home or work. The specific
power 1s 830 W/kg, and the specific energy 1s 97 Wh/kg. In
addition, a battery management system in communication
with the controller 120 or installed as a part of the controller
120 1s utilized for providing management of charging and
discharging, momitoring temperature levels and diagnostics,
thereby preventing battery 104 from damage or degradation.

Example 6

[0052] Flectric Motor One (EM1). In one embodiment of

the present invention, two electric motors are utilized. A first
electric motor 105, or EM1, 1s 1n communication with and
engaged to 7TH-AMT transmission, will perform engine start,
engine boosting, electric driving in several gears, recupera-
tion for battery charging, as well as compensation of torque
interruption during gear shiit.

Example 7

[0053] 7H-AMT Transmission. In one embodiment of the
present invention, 7H-AMT transmission 106 1s designed and
adapted for hybrid vehicle applications. The 7TH-AMT 106 1s
a 3-shaft transmission for transversal configuration with 7
speeds and synchronized one reverse gear. The 7H-AMT 106
1s configured to be able to transmit from 165 to 400 Nm
engine torque plus 400 Nm E-Motor torque. The 7TH-AMT
106 has high efficiency based on conventional manual trans-
mission (“MT”) technology, and corresponding iriction 1s
mimmized by using advanced dimensioning and new bearing,
design.

Example 8

[0054] Dual mass flywheel and conventional dry clutch. In
one embodiment of the present invention, a dry clutch 107 1s
engaged and 1n communication with 7H-AMT transmission
106. Dry clutch 107 1s adapted for being able to transmit
unlimited input torque from engine 101 to transmission 106,
and provides superior mechanical efficiency.

Example 9

[0055] Diflerential Gear. In one embodiment of the present
invention, differential gear 108, which may also be a gear
combination, 1s used to transmit power from transmission 106
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to Tfront wheels 118 through output shaft such as half shaifts
and/or immediate shaft 118a, 11856. The differential gear ratio
1s selected based on vehicle applications. In one embodiment
of the present invention, differential gear 108 1s a helical gear

and mounted on output shait 1184, 1185.

Example 10

[0056] Electric Motor Two (EM2). In one embodiment of
the present invention, the all-wheel drive Tunction 1s realized
by driving the rear axle by a second electric motor (EM2) 109
and a rear differential unit 110. The power supply to the
second electrical motor 109 1s provided from the hybrid trans-
mission 106 and the battery 104. The second electric motor
109 1s configured to meet electric all wheel drive (“AWD”)
speed and battery power requirements so that shift quality
under full load can be maintained at the same level as of all

wheel drive (“FWD”).

Example 11

[0057] Electrical Rear Differential. In one embodiment of
the present invention, rear differential 110 1s utilized to dis-
tribute power transmitted from the second electric motor 109
to both sides of rear axle 119a, 1995 while the wheels are
driven and turned at designed speed. The designed speed 1s
realized by selecting gear ratio with respect to rear differential
110. The rear differential 110 1s placed halfway between the
driving wheels, and mainly composed of drive hypoid pinion,
hypoid ring gear, differential case, carrier, and side gears,
respectively.

Example 12

[0058] Controller. In one embodiment of the present inven-
tion, referring to FIG. 2, controller 120 1s programmed to
administer a method 200 to control delivery of driving force
generated from multiple energy sources to a drive train of a
vehicle 1n motion.

[0059] At step 201, controller 120 checks whether the
vehicle 1s 1n one of a first fuel mode, a second fuel mode, and
a third fuel mode, wherein when the vehicle 1s 1n the first fuel
mode, afirst type of Tuel 1s provided to an internal combustion
engine, when the vehicle 1s 1n the second fuel mode, a second
type of Tuel 1s provided to the internal combustion engine, and
when the vehicle 1s 1n the third fuel mode, no fuel 1s provided
to the internal combustion engine but the drive train 1s pow-
ered by electricity.

[0060] Atstep 203, controller 120 displays the status of the
current driving mode on a display (not shown), which may be
reviewed by an operator such as the driver of the vehicle.

[0061] At step 205, a commanding signal 1s 1ssued by, for
example, the driver, and recerved by controller 120 for a
change of the driving mode.

[0062] At step 207, i1f the change requires a shifting
between the first fuel mode and the second fuel mode, con-
troller 120 activates a first and a second electric motors to be
able to drive the drive train during the shifting, which ensures
a smooth shifting between the modes and avoids dangerous
sudden power losing.

[0063] At step 209, when the vehicle 1s in the first fuel
mode, a first type of fuel 1s provided to the internal combus-
tion engine through a first type of injector, during which mode
no second type of fuel 1s provided to the internal combustion
engine.
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[0064] At step 211, when the vehicle 1s 1n the second fuel
mode, a second type of fuel to the internal combustion engine
through a second type of 1njector, during which mode no first
type of fuel 1s provided to the internal combustion engine.
[0065] And atstep 213, when the vehicle 1s 1n the third fuel
mode, the electricity mode, the internal combustion engine 1s
idled: neither of the first type of fuel and the second type of
tuel 1s provided to the engine.

[0066] The 1foregoing description of the exemplary
embodiments of the invention has been presented only for the
purposes of 1llustration and description and 1s not intended to
be exhaustive or to limit the invention to the precise forms
disclosed. Many modifications and variations are possible 1n
light of the above teaching.

[0067] The embodiments were chosen and described 1n
order to explain the principles of the invention and their
practical application so as to enable others skilled in the art to
utilize the invention and various embodiments and with vari-
ous modifications as are suited to the particular use contem-
plated. Alternative embodiments will become apparent to
those skilled in the art to which the present invention pertains
without departing from 1ts spirit and scope. Accordingly, the
scope ol the present invention 1s defined by the appended
claims rather than the foregoing description and the exem-
plary embodiments described therein.

What 1s claimed 1s:

1. A vehicle power train, comprising:

(a) a drive train configured to drive two front wheels and
two rear wheels of a vehicle;

(b) a first electric motor engaged with said drive train for
compensation for torque interruption;

(c) a second electric motor engaged with said drive train
through a rear differential for driving the two rear
wheels:

(d) an electric energy source electrically coupled to said
first and second electric motors:

(¢) an mternal combustion engine adapted to provide driv-
ing force;

(1) a first fuel tank storing a first type of fuel and 1n fluid
communication with the mternal combustion engine to
provide the first type of fuel to the internal combustion
engine during operation;

(2) a second fuel tank storing a second type of fuel and 1n
fluid communication with the internal combustion
engine to provide the second type of fuel to the internal
combustion engine during operation; and

(h) a control system configured to permit, 1n operation,
when the first type of fuel 1s provided to the internal
combustion engine through a first type of injector 1n a
first fuel mode, no second type of fuel 1s provided to the
internal combustion engine, and when the second type of
fuel 1s provided to the mternal combustion engine
through a second type of 1njector 1n a second fuel mode,
no first type of fuel 1s provided to the internal combus-
tion engine, wherein the control system 1s further con-
figured to put the first and second electric motors 1n
action when the internal combustion engine 1s shifting
between the first fuel mode and the second fuel mode.

2. The vehicle power train of claim 1, wherein the first type

of Tuel and the second type of fuel are difierent.

3. The vehicle power train of claim 2, wherein the first type

of fuel 1s compressed natural gas.

4. The vehicle power train of claim 3, wherein the second

type of fuel 1s gasoline.
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5. A vehicle having the vehicle power train of claim 1.

6. The vehicle power train of claim 1, wherein the control
system 1s further configured to have a third fuel mode, where
neither of the first type of fuel and the second type of fuel 1s
provided to the internal combustion engine, and the drive
train 1s driven by the first and second electric motors only.

7. A vehicle, comprising:

(1) a vehicle power train having:

(a) a drive train configured to drive two front wheels and
two rear wheels of a vehicle;

(b) a first electric motor engaged with said drive train for
compensation for torque interruption;

(c) a second electric motor engaged with said drive train
through a rear differential for driving the two rear
wheels;

(d) an electric energy source electrically coupled to said
first and second electric motors;

(¢) an internal combustion engine adapted to provide
driving force;

(1) a first fuel tank storing a first type of fuel and 1n fluid
communication with the internal combustion engine
to provide the first type of fuel to the internal combus-
tion engine during operation;

(g) a second fuel tank storing a second type of fuel and in
fluid communication with the internal combustion
engine to provide the second type of fuel to the inter-
nal combustion engine during operation; and

(h) a control system configured to permit, 1n operation,
when the first type of fuel 1s provided to the internal
combustion engine through a first type of injector in a
first fuel mode, no second type of fuel 1s provided to
the internal combustion engine, and when the second
type of fuel 1s provided to the internal combustion
engine through a second type of injector 1n a second
fuel mode, no first type of fuel 1s provided to the
internal combustion engine, wherein the control sys-
tem 1s further configured to put the first and second
electric motors 1n action when the internal combus-
tion engine 1s shifting between the first fuel mode and
the second fuel mode,

(1) two front wheels and two rear wheels coupled to the
drive train, respectively; and

(111) a vehicle frame positioned above the drive drain.

8. The vehicle of claim 7, wherein the first type of fuel and
the second type of fuel are different.

9. The vehicle of claim 8, wherein the first type of fuel 1s
compressed natural gas.

10. The vehicle power train of claim 9, wherein the second
type of fuel 1s gasoline.

11. The vehicle power train of claim 7, wherein the control
system 1s further configured to have a third fuel mode, where
neither of the first type of fuel and the second type of fuel 1s
provided to the mternal combustion engine, and the drive
train 1s driven by the first and second electric motors only.

12. A method to control delivery of driving force generated
from multiple energy sources to a drive train of a vehicle 1n
motion, comprising:

(a) checking whether the vehicle 1s 1n one of a first fuel
mode, a second fuel mode, and a third fuel mode,
wherein when the vehicle 1s 1n the first fuel mode, a first
type ol fuel 1s provided to an internal combustion
engine, when the vehicle 1s in the second fuel mode, a
second type of fuel 1s provided to the internal combus-
tion engine, and when the vehicle i1s in the third fuel
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mode, no fuel 1s provided to the internal combustion
engine but the drive train 1s powered by electricity;

(b) displaying the status of the current driving mode on a
display;

(c) recerving a commanding signal for a change of the
driving mode;

(d) when the change requires a shifting between the first
fuel mode and the second fuel mode, activating a first
and a second electric motors to be able to drive the drive
train;

(¢) providing a first type of fuel to the internal combustion
engine through a first type of injector when the vehicle 1s
in the first fuel mode, during which mode no second type
of fuel 1s provided to the internal combustion engine;

(1) providing a second type of fuel to the internal combus-
tion engine through a second type of injector when the
vehicle 1s 1n the second fuel mode, during which mode
no {irst type of fuel 1s provided to the internal combus-
tion engine; and

(2) 1dling the internal combustion engine when the vehicle
1s 1n the third fuel mode.

13. The method of claim 12, wherein the first type of tuel

and the second type of fuel are different.

14. The method of claim 13, wherein the first type of fuel 1s
stored 1n a first fuel tank that 1s 1n fluid communication with
the internal combustion engine to provide the first type of fuel
to the internal combustion engine during operation.

15. The method of claim 14, wherein the first type of fuel 1s
compressed natural gas.

16. The method of claim 13, wherein the second type of
tuel 1s stored 1n a second fuel tank that 1s 1n fluid communi-
cation with the internal combustion engine to provide the
second type of fuel to the imternal combustion engine during
operation.

17. The method of claim 16, wherein the second type of
fuel 1s gasoline.

18. The method of claim 12, wherein the electricity 1s
provided by a battery.

19. A vehicle that has a drive train driven by force gener-
ated from multiple energy sources, comprising a controller
programmed to administer the steps of:

(a) checking whether the vehicle 1s in one of a first fuel

mode, a second fuel mode, and a third fuel mode,
wherein when the vehicle 1s 1n the first fuel mode, a first
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type ol fuel 1s provided to an internal combustion
engine, when the vehicle 1s 1in the second fuel mode, a
second type of fuel 1s provided to the internal combus-
tion engine, and when the vehicle i1s in the third fuel
mode, no fuel 1s provided to the internal combustion
engine but the drive train 1s powered by electricity;

(b) displaying the status of the current driving mode on a
display;

(c) recetving a commanding signal for a change of the
driving mode;

(d) when the change requires a shifting between the first
fuel mode and the second fuel mode, activating a first
and a second electric motors to be able to drive the drive
train;

(e) providing a first type of fuel to the internal combustion
engine through a first type of injector when the vehicle 1s
in the first fuel mode, during which mode no second type
of fuel 1s provided to the internal combustion engine;

(1) providing a second type of fuel to the internal combus-
tion engine through a second type of injector when the
vehicle 1s 1 the second fuel mode, during which mode
no first type of fuel 1s provided to the internal combus-
tion engine; and

(g) 1dling the internal combustion engine when the vehicle
1s 1n the third fuel mode.

20. The vehicle of claim 19, wherein the first type of fuel

and the second type of fuel are diflerent.

21. The vehicle of claim 20, wherein the first type of fuel 1s
stored 1n a first fuel tank that 1s 1n fluid communication with
the internal combustion engine to provide the first type of fuel
to the internal combustion engine during operation.

22. The vehicle of claim 21, wherein the first type of fuel 1s
compressed natural gas.

23 . The vehicle of claim 22, wherein the second type of fuel
1s stored 1n a second fuel tank that 1s 1n fluid communication
with the internal combustion engine to provide the second
type of tuel to the internal combustion engine during opera-
tion.

24 . The vehicle of claim 23, wherein the second type of fuel
1s gasoline.

25. The vehicle of claim 19, wherein the electricity 1s
provided by a battery.

ke i o e 3k



	Front Page
	Drawings
	Specification
	Claims

